species. Current understanding of AMF species richness and community structure is based 27 primarily on studies of grasses, herbs, and agricultural crops, typically in disturbed 28 environments. Few studies have considered AMF interactions with long-lived woody perennial 29 species in undisturbed ecosystems. Here we examined AMF communities associated with roots 30 and soils of young, mature, and old western redcedar (Thuja plicata) at two sites in the old-31 growth temperate rainforests of British Columbia. Due to the unique biology of AMF, 32 community richness and structure were assessed using a conservative, clade-based approach. 33
whether this is true for AMF over successional time scales is not known. 75
Current ideas in community assembly theory suggest that ecological processes may not 76 be as easily inferred from patterns of species co-existence as previously expected (Gerhold et 77 al. 2015) . Overdispersion, in which species co-exist less often than expected by chance, is often 78 assumed to represent the process of competitive exclusion: related species with comparable 79 traits will compete more intensely than more distantly related species. Clustering, in which 80 species co-exist more often than would be expected by chance, is often assumed to be caused 81 by niche partitioning, where competition is less important than the suitability of the 82 environment for that suite of organisms. Meta-analysis of competition experiments in plants 83 has shown little evidence to support a direct link between these patterns and processes ( of years, and are host to very large western redcedar trees; potentially 800-1000 years or older 106 in some cases, especially at the northern 'Ancient Forest' site 100 km east of Prince George. 107
The most abundant alternative AMF host species in the northern site were bunchberry (Cornus 108 canadensis) and devils club (Oplopanax horridus), whereas common snowberry 109 (Symphoricarpos albus), Oregon-grape (Mahonia sp.), twinflower (Linnea borealis), and false 110 box (Paxistima myrsinites) were the most abundant in the south. 111
112

Fungal community sampling 113
Trees were selected from three 'age classes' based on their diameter-at-breast-height (dbh): 114 young trees (dbh < 5 cm), mature trees (dbh 19 -65 cm), and old trees (dbh 150 -455 cm). 115
These age classes represent estimates of tree life stages, for which dbh is considered a useful 116 proxy, due to the tendency for western redcedar to rot from the centre outwards as it matures, 117 rendering the determination of tree age by coring impossible. Five trees were sampled per age 118 class at each site. From each tree, five fine root samples were obtained by digging along large 119 roots, thus ensuring that sampled roots belonged to the sample tree. For three of the five trees 120 per age class, three soil cores (2.5 cm diameter) of the top 10 cm organic horizon were sampled 121 adjacent to each root sampled (within approx. 2m of the base of the trunk Due to concerns about diversity inflation resulting from the 454-pyrosequencing we 166 applied a monophyletic clade approach (MCA) to convert the raw OTU clusters into clades 167 within the Glomeromycota (see Lekberg et al. 2014 ). The MCA is an OTU delineation method 168 wherein sequence groups are manually combined based on membership within a monophyletic 169 clade. We followed the methodology of Lekberg et al. (2014) , where the authors demonstrated 170 that the method is robust and generates community patterns that are comparable to OTU 171 methods based on percentage similarity thresholds. The strength of the MCA method is that it 172 is grounded in evolutionary theory. This conversion of OTUs using MCA resulted in a total of 173 91 Glomeromycotan clades. Two of these clades were 'sequence singletons' (contained a 174 single sequence), whereas five clades were 'sample singletons' (occurred in a single sample). 175
Each MCA was identified using the GenBank® database (http://www.ncbi.nlm.nih.gov) with 176 the BLAST (nucleotide) algorithm, which matched sequences within each clade to existing 28S 177 accessions. All of the subsequent community analyses presented below were performed using 178 the MCA data tables with sequence singletons removed. We also analysed the OTU data using 179 the same methods and additionally using variance stabilising transformations (McMurdie &  180 Holmes, 2013). Ecological interpretations were not substantially different between the 181 approaches unless otherwise noted (for further details see Supporting Information). 182
183
AM fungal diversity of other host plants 184
To place western redcedar in the context of existing research into the fungal diversity of AM 185 hosts we compiled AMF community data from previous studies that examined trees, shrubs, 186 woody perennials, palms, grasses, and herbs. Due to the variability among marker genes for 187 AMF (see Thiéry et al., 2016) , and the lack of data on AMF communities of long-lived hosts, 188 we limited our comparisons to studies that: i) presented data for multiple individuals of a 189 specific host species, ii) used 454 sequencing technology to obtain OTUs, and iii) expressed 190 AMF diversity at the clade-level by using MCA-type approaches (e.g. 'virtual taxa'; Öpik et al. binary presence/absence data and as such was conducted on the MCA dataset with sequence 215 singletons removed, considering each study site's root and soil samples separately. The 216 primary measure of dissimilarity was ßcc (Jaccard's index of dissimilarity), which can be 217 subdivided into ß-3 (dissimilarity due to species replacement) and ßrich (dissimilarity due to 218 richness differences). Dissimilarity matrices were standardized using the hellinger 219 transformation to achieve the requirement of second-order stationarity. For each analysis a 220 predictor distance matrix of age classes was obtained from log(host tree dbh). Mantel statistics 221 (rM) were calculated for age classes and tested for significance using 10,000 Monte-Carlo 222 permutations and progressive Holm's correction for multiple testing. In each case, positive rM 223 values indicated positive autocorrelation (e.g. greater community similarity). 224 225
Results
226
Western redcedar AMF clade richness differences 227
Three-way ANOVA revealed that site was the only significant factor in producing clade 228 richness differences (F1,35 = 10.01; P = 0.003), richness per sample did not differ significantly 229 between age classes (F2,35 = 0.09; P = 0.913) or sample source (F1,35 = 1.57; P = 0.219) and 230 there were no significant interaction terms. Significantly more AMF clades per sample were 231 found in the southern site (mean 31.5 ± 2.66, n=24) than in the northern site (mean 20.2 ± 1.18, 232 n=23) (Tukey's HSD: South > North; Padj = 0.002). Overall clade richness tended to be higher 233 in root than in soil samples, however, according to clade-based accumulation curves this 234 difference was only significant in the southern site (Fig. 1) . Root sampling clearly approached 235 an asymptote (Fig. 1a) , and sampling of both root and soil (Fig. 1b) communities was within 236 the 95% confidence interval of extrapolated clade richness obtained from a hypothetical 237 doubling of sample size. Similar results were obtained when examining the data based on 238
OTUs rather than clades (data not presented). 239
240
AMF community composition 241
Analysis of AMF community composition based on clades, and using a three-way 242 PERMANOVA of Bray-Curtis dissimilarities, revealed significant differences between sites 243 and between host age classes, but not between roots and soil ( Table 1 ). The full model 244 accounted for 28% of the partial variance, and no difference in multivariate dispersion was 245 detected between groups (Table 1) . A similar result was observed for the rarefied OTU 246 dataset, whereas analysis with variance stabilising transformations indicated significant 247 differences between root and soil communities (Supporting Information Table S1 ). 248 Differences in community composition between sites, age classes, and sample source, 249 are illustrated in Fig. 2 . Acaulospora spp. were only present in significant numbers in northern 250 samples (Fig. 2a-f ). Acaulospora and Rhizophagus spp. were most abundant in northern roots 251 of old trees (Fig. 2c) .. These roots also contained fewer sequences from unknown clades (Fig.  252   2c ), compared to young trees (Fig. 2a) . A greater proportion of sequences from Glomus clades 253 were found in southern site samples in general (Fig. 2g-l) and in young northern site samples 254 (Fig. 2a,d) . Overall, more novel taxa were found in the northern site. 255
Evidence of community structure related to host age was detected in root (Fig. 3) and 256 soil (Fig. 4) communities, with both study sites exhibiting similar -diversity patterns. The 257 AMF communities of trees within each age class were overdispersed (e.g. significantly less 258 similar to each other in clade composition; Fig. 3a,b and Fig. 4a,b) . Comparison between age 259 classes revealed that AMF communities of younger trees (smallest dbh class) tended to be 260 autocorrelated (e.g. were significantly more similar in clade composition) with those of the 261 oldest trees (largest dbh class) (Fig. 3a and Fig. 4a,b) . Partitioning of Jaccard's dissimilarity 262 index (cc) into its turnover (-3) and richness (rich) components, indicated that the AMF 263 community patterns were mostly driven by community turnover, which was overdispersed 264 within age classes (Fig. 3c,d and Fig. 4c ). However, soil communities displayed 265 autocorrelation between the AMF communities of young and old trees (Fig. 4c,d ). Richness 266 differences between AMF communities of the youngest and oldest trees were autocorrelated, 267 but only significantly so in the northern site (Fig. 3e and Fig. 4e) . In all cases, a significant 268 increasing linear trend in rM values from negative in trees of a similar age to positive between 269 the youngest and oldest trees was observed with increasing host pair age difference (r 2 = 0.69 270 to 0.83, P < 0.01). 271
272
Comparison with other AM hosts 273
In terms of overall AMF clade richness derived from host root sampling, western redcedar was 274 ranked second across all host growth forms ( Western redcedar is a long-lived tree that exhibits high clade richness in its associated AMF 288 communities. Despite significant differences in the community compostion between sites, the 289 autocorrelation patterns were similar at both sites, implying that the cedar host may create the 290 same patterns in distinct locations. In particular, we observed overdispersion in AMF -291 diversity within each host age class at both study locations -shifts from overdispersion to 292 neutral structure to autocorrelation took place between pairs of hosts as the difference in host 293 age increased. This study represents one of the first investigations of the symbiotic AMF 294 community of a long-lived gymnosperm host using next-generation sequencing techniques, and 295 presents an important starting point for further examination of these under-explored systems. similarly become more productive with age, the old redcedars sampled in our study are likely 368 to have been the most photosynthetically active. Hence young trees would be expected to 369 exude the lowest quantities of sugar, mature trees variable levels dependent on their dominance 370 in the canopy, and old trees would exude the most sugar. Yet, despite having the necessary 371 resources to deliver larger quantities of sugar to symbionts, old western redcedars do not 372 appear to influence their communities toward a specific composition. 373
Our data suggests that priority effects within the AMF fungi dominate, and two 374 scenarios for this process generating this seem likely: i) the host has no control over AMF 375 assembly, and initial AMF colonists exclude subsequent fungi, or ii) the host rewards 376 suggests that it is beneficial for a tree to maintain a diversity of fungal symbionts throughout its 383 life time (Arguello et al. 2016) . 384
In conclusion, we did not find evidence of succession from young to mature to old tree 385 AMF communities nor did we find that old trees harbour unique AMF communities, although 386
we did find evidence of previously undescribed fungi associated with western redcedar roots. 387 AMF communities associated with young trees most closely resembled those with old tree , 388
suggesting that trees may be acquiring their symbionts from adjacent roots.. Mature tree AMF 389 communities did not resemble those associated with old or young trees. These trees may 390 represent a cohort that acquired their symbionts from the previous generation of old trees that 391 have long since died. If so, they are the future source of inoculants for young trees, if they 392 survive to old age. 393
Our study is the first to consider host age as a structuring force of AMF communities. 394
While we did not find the patterns we expected, our study revealed that community structure 395 may be transferred from old trees to young trees, which is important for understanding the 396 AMF communities of western redcedar. Whether similar patterns are important in other long-397 lived AMF hosts remains to be tested. 
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Additional supporting information may be found in the online version of this article. 602 Table S1 . Analysis of OTU community sequence abundance data using PERMANOVA (9999 603 permutations, stratified by source) and either: variance stabilising transformations vst and rlog 604 (Euclidean distances) following independent filtering, raw abundance (Bray-Curtis 605 dissimilarity), or rarefied abundance (Bray-Curtis dissimilarity). 606 Table S2 . Comparison of the observed number of AMF taxa found on the roots of different 607 host species using 454 pyrosequencing and classification using the virtual taxa (VT) or 608 monophyletic clade approach (MCA). 609 
